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Previewscreates a coincidence detector, firing
the Nos2 promoter only after both an
NF-kB and an IFN-I signal. And this coin-
cidence detector has a built-in integrator
function that allows separation of the
two activating events in time. It also
displays memory, since the NF-kB signal
can precede the IFN-I signal by up to
24 hr. Despite the transient nature of
NF-kB activity, the Nos2 promoter
remains marked by the retention of the
deposited TFIIH, poised to fire after
Pol II recruitment.
These data add to the appreciation that
factor recruitment alone is not sufficient
to activate gene transcription and show
that preloading of the transcriptional ma-
chinery on poised promoters may be the
norm. Other examples of inducible
changes at promoters that convey a
memory effect of preceding events have
been described, including histone modifi-
cation, chromatin remodeling, and reposi-
tioning of genes within the nucleus,
changes that convey a stable primed
status (Brickner, 2009; Francis and King-
ston, 2001; Kundu et al., 2007). However,
this may be the first example of the
semistable recruitment of a component
of the transcriptional machinery itself, a
kinase that acts directly on Pol II.
Despite the elegance of these experi-
ments, they raise a number of questions.2 Immunity 33, July 23, 2010 ª2010 ElsevierDecker and colleagues actually interpret
their data largely within the paradigm of
the factor-recruitment model of gene ex-
pression. However, one wonders whether
recruitment is the major regulatory event
rather than some yet-to-be defined cata-
lytic trigger. Amajor unanswered question
is why the Nos2 promoter fails to fire after
NF-kB or ISGF3 recruitment alone, since
many other genes appear to be function-
ally transcribed in response to only one
of these transcription factors, even
though they require Pol II modification
by TFIIH. Is it the sequence context of
the Nos2 promoter that dictates its
dependence on NF-kB plus ISGF3 or is
it the presence of preloaded factors that
somehow restrict its activity? It is unclear
whether the current experimental tech-
niques are sufficient to address these
issues. For instance, iNOS expression,
like most ISGs, is stimulated from near
silent expression to very robust rates of
transcription. And yet, the recruitment of
factors revealed by ChIP assays is at
best a few fold. Does this discrepancy
tell us that factor recruitment in response
to signaling is only a minor component
of regulation, with the major transcrip-
tional function being dependent on pre-
loaded factors, or does it indicate that it
is impossible to quantitatively account
for all aspects of gene regulation withinInc.the limitations of currently available tech-
niques? Consideration of the data from
Farlik et al. (2010) in the context of the
multiple biochemical events required to
convert a silent gene into a functionally
active transcription unit suggests that
there remains much mystery yet to be
deciphered concerning the mechanistic
details of inducible gene expression.REFERENCES
Adelman, K., Kennedy, M.A., Nechaev, S.,
Gilchrist, D.A., Muse, G.W., Chinenov, Y., and
Rogatsky, I. (2009). Proc. Natl. Acad. Sci. USA
106, 18207–18212.
Brickner, J.H. (2009). Curr. Opin. Cell Biol. 21,
127–133.
Farlik, M., Reutterer, B., Schindler, C., Greten, F.,
Vogl, C., Mu¨ller, M., and Decker, T. (2010).
Immunity 33, this issue, 25–34.
Francis, N.J., and Kingston, R.E. (2001). Nat. Rev.
Mol. Cell Biol. 2, 409–421.
Hargreaves, D.C., Horng, T., and Medzhitov, R.
(2009). Cell 138, 129–145.
Kundu, S., Horn, P.J., and Peterson, C.L. (2007).
Genes Dev. 21, 997–1004.
Levy, D.E., and Darnell, J.E., Jr. (2002). Nat. Rev.
Mol. Cell Biol. 3, 651–662.
Ramirez-Carrozzi, V.R., Braas, D., Bhatt, D.M.,
Cheng, C.S., Hong, C., Doty, K.R., Black, J.C.,
Hoffmann, A., Carey, M., and Smale, S.T. (2009).
Cell 138, 114–128.Follicular Dendritic Cell
Makes Environmental SenseJessy Deshane1 and David D. Chaplin1,*
1Department of Microbiology, University of Alabama at Birmingham, Birmingham, AL 35233-1711, USA
*Correspondence: dchaplin@uab.edu
DOI 10.1016/j.immuni.2010.07.008
Follicular dendritic cells (FDCs) are key organizers of B cell follicles and germinal centers. In this issue of
Immunity, Suzuki et al. (2010) and Garin et al. (2010) identify the roles of Toll-like receptors in the responses
of FDCs, providing a unique link between innate and adaptive immunity.Follicular dendritic cells (FDCs) have long
been recognized as key organizers of B
cell follicles, both in secondary lymphoid
tissues such as the spleen, lymph nodes
(LNs), and Peyer’s patches (PPs) and inreactive sites around localized infections
and chronic inflammatory reactions
where they are referred to as tertiary
lymphoid follicles. Central to the function
of B cell follicles is the development ofgerminal centers (GCs) where coopera-
tion of multiple cell lineages leads to
the formation of isotype-switched, high-
affinity immunoglobulin and the establish-
ment of humoral immune memory. In this
Immunity
Previewsissue of Immunity, Suzuki et al. (Suzuki
et al., 2010) identify important new activi-
ties of FDCs in the establishment of the
GC response in PPs andGarin et al. (Garin
et al., 2010) identify additional actions of
FDCs in the expression of mature GC
functions in LNs. These findings provide
another link between the innate and adap-
tive immune systems and raise important
questions regarding the nature of the
stimuli that activate FDCs for maturation
of humoral immune responses.
Toll-like receptors (TLRs) are evolution-
arily conserved membrane receptors that
were first identified because of their ability
to recognize a broad range of microbial
products that are not present in the
mammalian host (Beutler, 2009). The
ability of TLRs to recognize these micro-
bial products, based on their possession
of microbe-specific pathogen-associated
molecular patterns (PAMPs), provided a
convenient way for the innate immune
system to distinguish between dangerous
environmental threats and innocuous
foreign products. TLRs are expressed by
a very broad range of immune and nonim-
mune cell lineages, emphasizing their
central role as activators of innate
immune responses (Beutler, 2009). Their
expression by cells of the myeloid lineage
provides a bridge between the innate
and the adaptive immune responses
with TLRs on dendritic cells and macro-
phage-monocyte lineage cells enhancing
antigen-presenting cell function and the
release of cytokines and chemokines
that are essential for the activation of
both CD8+ and CD4+ T cells (Manicass-
amy and Pulendran, 2009). These findings
have established TLRs as key activators
of processes that lead to fully developed
cellular immunity.
There is increasing appreciation that
TLRs also augment humoral immune re-
sponses. This occurs both directly at the
level of the B cell and indirectly through
the action of other cells that cooperate
with B cells. B cells express TLRs and
can be stimulated polyclonally by TLR
ligands such as endotoxin to proliferate
and differentiate into Ig-secreting cells
(Meyer-Bahlburg et al., 2007). TLR sig-
naling also supports B lymphocyte traf-
ficking and clustering within LN follicles
and thus promotes sustained B cell pro-
liferation and enhanced generation of
memory B and plasma cells (Hwang
et al., 2009). In addition, TLR signalingindirectly supports the induction of
T cell-dependent B cell responses via
the enhancement of CD4+ T cell help.
Although a role for TLRs in the induction
of humoral immune responses is now well
established for both T helper cells and
intrinsic B cell activation programs, less
is known about possible actions of TLR
ligands on FDCs. That FDCs might
respond importantly to TLR signals is sug-
gested by the observations that FDCs
provide central organizing signals for
GCs and, at least in the PP, GCs depend
on the presence of ongoing stimulation
of the gut by commensal microbes,
many of which are thought to activate
innate host responses through TLRs.
FDCs are a radio-resistant cell popula-
tion that appears not to be of hematopoi-
etic lineage, but rather to arise from
stromal cells located within secondary
lymphoid tissues. Their differentiation
from stromal cell precursors depends
absolutely on signals delivered by several
TNF family members, especially by the
membrane lymphotoxin (mLT) hetero-
trimer LTa1b2, expressed by B cells.
mLT on B cells induces expression by
the FDC of the chemokine CXCL13,
leading to the compact clustering of B
cells and follicular helper T cells that
appears essential for formation of the
GC (van Nierop and de Groot, 2002).
FDCs are unique in that they present
native antigen in the form of Fc receptor-
bound immune complexes to responding
B cells, support both T cell-dependent
and -independent B cell activation and
immunoglobulin (Ig) production, and sup-
press apoptosis in B cells that have
successfully completed the somatic hy-
permutation process to create a high-
affinity antigen-binding receptor.
Although FDCs play a central role in GC
development and function in secondary
lymphoid tissues in general, their role in
the specialized function of PP to produce
high amounts of secretory IgA has not
been resolved. In this issue, Suzuki et al.
(2010) provide elegant data supporting
a primary role for PP FDCs in the produc-
tion of IgA. They demonstrate that FDCs
express high cell surface amounts of
several TLRs, including TLR2 and TLR4,
allowing them to respond to stimulation
by LPS and lipopeptides derived from
gut microbes. PP FDCs also constitutively
express high amounts of the intracellular
retinoic acid receptor RAR-b, preparingImmuthese cells to respond to the high amount
of retinoic acid that are produced by gut
epithelial cells. Coordinated signaling
through TLR2 andTLR4 andRAR-b syner-
gistically upregulates the expression of
CXCL13, BAFF, MAdCAM-1, clusterin
(all of which support recruitment and
survival of B cells), and a group of mole-
cules associated with the secretion and
activation of the important IgA switch
factor TGF-b, including CD36, latent
TGF-b binding proteins, matrix metallo-
proteinases 2 and 9, and bone morpho-
genic protein 2. Thus, signaling through
RAR and TLRs on FDCs upregulates not
only the secretion of TGF-b1, but also its
conversion from the latent to the active
form. This production of TGF-b1 was
dependent on the critical TLR signaling
adaptor protein MyD88 in the FDC and
was also dependent both on BAFF and
expression of the RAR. Thus, signaling in
FDC through TLRs in the presence the
high amounts of retinoic acid that are
typical of the gut leads to preferential
class switching to the production of IgA,
thereby identifying a central role for
FDCs and TLRs in the production of this
key mucosal immunoglobulin (Figure 1).
Garin et al., in contrast, explore the role
of TLR4 signaling in FDCs in shaping the
GC affinity maturation response (Garin
et al., 2010). In addition to addressing
the role of TLRs in regulating the GC
response, they have begun to address
the nature of the environmental signals
that activate signaling through the TLRs.
Studies over the several years have
questioned whether TLRs act solely as
sensors of contact with microbial patho-
gens or rather serve more broadly as
sensors of inflammation and tissue injury.
In this regard, expanding numbers of
endogenously produced TLR ligands are
being identified. Classified under the
general term ‘‘alarmins,’’ these endoge-
nous molecules are thought to serve as
indicators of tissue damage and have
also been termed damage-associated
molecular patterns (DAMPs) (Bianchi,
2007; Erridge, 2010).
Garin et al. show that immunization
upregulates expression of TLR4 on FDCs.
They also demonstrated that the endoge-
nous TLR ligand oxidized phosopholipid
(OxPl), thought to be generated by tingible
body macrophages when they catabolize
apoptotic B cells, is present in easily
detectable quantities in close associationnity 33, July 23, 2010 ª2010 Elsevier Inc. 3
Figure 1. FDCs Integrate Signals from TLRs and Other Receptors
to Support an Effective Germinal Center Response
FDCs serve a critical organizing function in B cell follicles within secondary
lymphoid tissues. Under stimulation by antigen, FDCs provide key signals
for the development of the germinal center. In the Peyer’s patch, shown
here, signals delivered through cell surface Toll-like receptors (TLRs) and
through intracellular retinoic acid receptors (RARs) activate the FDC to
support TGF-b-dependent B cell isotype switching to the production of IgA.
In lymph nodes, TLR stimulation induces enhanced Ig somatic hypermutation
and selection of high-affinity variants, leading to affinity maturation.
Immunity
Previewswith FDCs in the GC. Using
TLR4 antibody-based strate-
gies, as well as bone marrow
chimeric mice, Garin et al.
emphasize the TLR4 depen-
dency of FDC maturation
and GC development. They
propose a two-phase model
for the GC reaction, in which
activated ICAM-1 expressing
FDCs assist in the early phase
expansion of antigen-driven
GC B cells and in a late phase
of affinity-dependent selec-
tion of B cells that carry
somatically mutated antigen
receptors. Using a com-
bination of in silicomathemat-
ical modeling and in vivo
experimentation, they provide
compelling evidence that
signals through TLR4 govern
critical functions of FDCs as
they regulate the quantity
and quality of the GC re-
sponse. Further, they high-
light an important role for
endogenous TLR ligands in
improving the overall effi-
ciency of the GC reaction.Garin et al. propose that endogenous
ligands, generated from necrotic or
apoptotic cells that are present in large
quantities in GCs, trigger FDC activation
via TLR4, thereby enhancing isotype
switching, somatic hypermutation, and
the production of high-affinity Ig.
Together, these studies emphasize that
optimal humoral immunity is dependent
on TLRs expressed by FDCs. Not yet
clear is whether similar signaling path-
ways are active in the ectopic lymphoid
follicles and GCs that form at sites of
localized microbial infection or chronic
inflammation. Also, the relative role of4 Immunity 33, July 23, 2010 ª2010 Elseviermicrobial and endogenous TLR ligands
in the activation of FDCs is unclear.
Although PAMPs are generally thought
to be absent in the healthy setting, there
is evidence that PAMPs derived from the
intestinal microflora, such as bacterial
DNA and bacterial peptidoglycans, may
circulate and accumulate at sites of
inflammation or tissue damage, such as
arthritic joints (van der Heijden et al.,
2000). This accumulation could be
enhanced by the presence of endoge-
nous TLR ligands that have been noted
to have both PAMP-binding and sensi-
tizing properties (Hreggvidsdottir et al.,Inc.2009). This process provides
a mechanism by which exog-
enous and endogenous TLR
ligands can contribute to the
link between innate and
adaptive immune responses
in the settings of both normal
immune responses and de-
structive chronic inflamma-
tory processes.REFERENCES
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